Introduction
Paraquat (1,lYdimethyl-4,4-dipyridylium dichloride) is an effective herbicide and (lesiccant which is being used for the rapid top kill of certain woo(ly plants. The rapidity of kill suggests that the mo(le of action of paraquat is tlifferent fr'9m the slowver acting hormone-type herbicides.
Light has been shown to enhance the herbicidal effectiveniess of certain dipyridvlium cations (4).
Consequently, it has been conclude(l that the herbici(lal action of the dipyridylium comlpoundls is related to photosynthesis wvhich results in the reductioni of the dlipyridylium cation to a fr-ee radical (3) .
Calvin (2) reported that free ra(licals are usually form-ledl (luring photosynthesis. Furthermiiore, free radical forimlation is sometimes foundI in compounds containinig quadrivalent nitrogen (6) and more specifically in clipyridyl quaternary salts (5) . Brian (1) founid that light and chlorophyll are essential for free radical formation and that 0. is required for toxic symptomiis to occur in plants. The final effect of paraquat is consideredl to be a (lisruptioni -f cell membranes by peroxide radicals formed through the interaction of the paraquat free radlical. wvater and 0.,.
Materials and Methods
Thlie paraquat used in all tests was a commercial formulation of the California Chemical Company containing 2 
Results and Discussion
Effccts owl Pigmnentts. Since the activation of paraquat is reportedly related to the formation of a free radical, the possibility existed that the effect of light was a direct chemical effect because light, especially at shorter wavelengths, often enhances free radical reactions. To test this possibility, v'arious portions of mesquite plants whose roots were subnmersed in a solution containing 6 X 10-4 M paraquat were expose(I to direct sunlight. When the leaves were served when the nutrient solution was illuminated but the leaves kept in darkness. However, enclosing the leaves in a dark container undoubtedly reduced transpiration and consequently the upward movement of solutes. Thus, the lack of activity could have resulted from a lack of translocation rather than a lack of chemical activation. To eliminate this possibility, Spirodela, a small aquatic plant, was enclosed in a light-proof photographic developing box which was lowered and raised from an illuminated solution containing 4 X 10-4 M paraquat several times per minute. This insured a continual supply of illuminated paraquat. However, no bleaching occurred. It is therefore apparent that the plant leaves must be exposed to direct light before maximum effect from paraquat is obtained. Illumination of the leaves of mesquite was also essential for leaf discoloration when paraquat was applied as a foliar spray rather than in a nutrient solution. This supports the hypothesis that the role of light is indirect in that it affects herbicidal activity only as it affects some physiological process.
If the activity of paraquat is directly related to some physiological process, then a plant having a low light requirement for maximum physiological activity should be as susceptible to paraquat at low light intensity as it is at high. Sprigs of Elodea, a plant capable of rapid growth and reproduction at low light intensity, 10 cm long were gro-wn in a nutrient solution at light intensities of 65 ft-c and full sunlight for 2 weeks. Paraquat reduced the g,rowth at both light intensities but the action was more rapid at full sunlight. In full sunlight, the first symptom of injury was a bleaching which began at the growing tip and proceeded down the stem. The stem lost its turgidity and the plant disintegrated. At 65 ft-c, there was very little discoloration and the disintegration was slower. Since Elodea grew rapidly at 65 ft-c, it was apparently physiologically active but treated plants did not show severe paraquat damage. Thus, a precise correlation between physiological activity and paraquat activity did not exist.
Following the observation that high light intensities were required for the bleaching action of paraquat in vivo, experiments were conducted in vitro to determine the conditions necessary for the rapid bleaching of an aqueous extract of bean leaves. Paraquat produced no bleaching of the extractions in darkness nor in light when 02 was replaced bv N9 (fig 1) . Since both light and 0, were required, it is likely that paraquat enhanced the photo-oxidation of the plant pigments. Since boiling also produces a rapid bleaching under similar conditions (fig 2) . this enhancement may come about through the disruption of a membrane.
Effects on Membranes. 
